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INTRODUCTION 
The glyceride structure of natural fats exerts a strong 
influence on their physical properties and an understanding 
of this structure may also give valuable information about 
their biosynthesis (19), Confusion about the distribution 
of fatty acids in natural fats has stemmed from lack of 
suitable techniques for the systematic fractionation of 
natural fats into their elementary triglycerides. The dis-
COvery of the specificity of hog pancreatic lipase for the 
1- and 3-positions of glycerol (49) and the development of 
gas chromatographic (16), thin-layer partition (43), and 
silver ion methods (17) for separating complex glyceride 
mixtures has given considerable insight into the glyceride 
structure of natural fats. 
In addition, several rather complex chemical and chemi­
cal plus enzymatic methods have become available (65, 88), 
In general, these methods involve the oxidation by potassium 
permanganate-periodic acid or ozone of the unsaturated fatty 
acids in the glycerides, followed by a thin-layer chromato= 
graphic separation of the products. The principal disadvan­
tage with the procedures involving oxidative degradation is 
that unsaturated fatty acids, for example, oleic, linoleic, 
or linolenic, tend to loose their identity. 
A recent method by Brockerhoff (12) has made possible 
an analysis of the fatty acid composition of the 1-, 2-. 
and 3-positions of a glyceride by combining pancreatic 
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lipase hydrolysis, chemical phosphatide synthesis, and 
degradation by a highly specific phosphatidase, followed 
by thin-layer chromatography of the products. Lands and 
Slakey (39) have a similar scheme. 
The 1,3-positional specificity of pancreatic lipase has 
offered an almost ideal means for investigating the external 
fatty acid chains in triglycerides (49). One disadvantage 
to the structural analysis of triglycerides by pancreatic 
lipase is that by hydrolyzing the triglycerides to mono-
glycerides and fatty acids, we minimize the information 
about which fatty acids occur together on molscules. There 
is also a technical difficulty. The 2-monoglyceride remain­
ing after hydrolysis tends to isomerize to the 1-isomer, 
which can then be hydrolyzed by the lipase (19); however, 
this effect can be minimized by carrying out the lipolysis 
for only a few minutes. Obviously, there would be an ad­
vantage in having a number of lipases, each of which pos­
sessed a particular positional or fatty acid specificity, 
so research was undertaken with the goal of isolating new 
lipases with unusual specificities. 
Initially, two unrelated lipases were studied. The 
first, a lipase present in the oat pericarp, was reported 
by Martin and Peers in 1953 (46), The second, an exocellular 
bacterial lipase from Leptospira pomona DM2H, has been in­
vestigated by Ellinghausen and Sandvik (25). After we in-
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vestigatèd these lipases, for the research to be more 
systematically oriented, it was decided that a comparative 
study of the digestive lipases in organisms selected from 
the phyla of the animal kingdom should be made. In addition 
to recognizing lipases which would be useful in elucidating 
glyceride structure, a comparative study of lipases might 
also yield information concerning the digestive processes 
and fatty acid requirements of lower animals and, even more 
generally, the evolutionary development within the animal 
kingdom. 
In characterizing these lipases, special attention 
was given to their pH optima, positional specificity as 
determined against natural triglycerides, the number of 
lipolytically active fractions in each tissue as determined 
by disc-gel electrophoresis, and the relative richness of 
the tissue as a source of lipase as determined by tri­
glyceride -agar clearing. 
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LITERATURE REVIEW 
Characteristics of Lipases 
A lipase is a particular type of esterase which is 
capable of hydrolyzing triglycerides to glycerol and free 
fatty acids. 
In a rather early concept regarding lipolytic hydrolysis, 
Deuel (22) emphasized the fact that lipases which will cata­
lyze the breakdown of triglycerides are important in bringing 
about the hydrolysis of simple esters. On the other hand, 
esterases which accelerate the hydrolysis of simple mono-
hydric alcohol esters are ineffective on the ester linkages 
of triglycerides. 
Through their experimental work, Sarda and Desnuelle 
(69) have been able to show that a true lipase is most 
active toward the insoluble, emulsified, long-chain tri­
glycerides. Such an enzyme will show very little activity 
when the somewhat soluble, short-chain triglycerides or 
soluble fatty acid esters are employed as substrates in 
true solution. 
Lipases are found in many species of animals, plants 
and microorganisms (66). These ubiquitous enzymes have been 
found in the organs of animals (2, 19, 28, 42, 64, 81), in 
plant seeds (66), cereal grains (66), blood plasma and serum 
(11, 19), milk (19, 66), bacteria (1, 66), yeasts (1, 66) 
and molds (1, 66, 77). 
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Early Lipase Studies 
The first observation that neutral fats could be 
hydrolyzed by pancreatic lipase was made by Eberle in 1834 
(84), In 1846, Claude Bernard observed the emulsifying 
action of pancreatic lipase on fat (84) Following these 
initial experiments with pancreatic lipase, attention was 
given to gastric lipase. In 1858, Marcet found that neu­
tral fat could be hydrolyzed in the stomach. Cash in 1880 
confirmed this finding and demonstrated that extracts of 
the gastric mucosa could bring about fat hydrolysis in 
vitro. However, later authors tended to reject these 
findings, apparently because the relationship between fat 
emulsification and lipase action was not clearly understood. 
Shortly after 1880, Volhard demonstrated that only emul­
sified fats are readily hydrolyzed by gastric lipase (84), 
Willstaetter and Memmen in 1924 reported on the interaction 
of triglycerides and lipase at an oil-water interface (70), 
Interest in gastric lipase was again revived in 1917, Some 
investigators believed that the early work relating to gastric 
lipase was doubtful, because it was quite possible that pan­
creatic lipase could regurgitate into the stomach. Conse­
quently, Hull and Keeton (35) attempted to show that gastric 
lipase and pancreatic lipase were distinct enzymes, Their 
findings indicate that these enzymes are distinct. 
Until 1919, only lipases isolated from the gastric 
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mucosa and the pancreas had been investigated. It was shown 
by Maestrini in 1919 (41) that germinated barley and by 
Van Lear in 1921 that malt extracts had lipase activity (85). 
Sullivan and Howe in 1933 studied the lipase activity of 
wheat (83), Singer and Hofstu in 1948 made detailed studies 
on wheat-germ lipase (79, 80), 
Pancreatic Lipase and Castor Bean 
Lipase Characteristics 
In spite of the isolation of lipases from sources other 
than animals, experiments with regard to lipase character­
ization have been directed mainly at the elucidation of the 
mode of action of animal lipases. This is because of their 
obvious importance in the digestion, absorption, and metab­
olism of fat by the animal body. 
The first report concerning the mode of action of 
pancreatic lipase was made by Artom and Reale in 1935 (3). 
These workers observed that partial glycerides were formed 
during the in vitro hydrolysis of triglycerides by pan­
creatic lipase. Similar results were reported several years 
later by Frazer and Sammons (29), In 1948, Desnuelle and 
coworkers were the first to study the isomeric forms of the 
digestion products resulting from the action of pancreatic 
lipase on triglycerides (21), These workers reported tri­
glyceride hydrolysis to be a series of stepwise reactions 
from triglyceride to diglyceride to monoglyceride to 
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glycerol, with fatty acid being released in each step. 
Unfortunately, the quantitative aspects of this work were 
weakened by the fact that the experiments were of one to 
four hours duration and Desnuelle supposed that the hydroly­
sis was a random one. It remained for Mattson and coworkers 
to show in 1952 that the hydrolysis of triglycerides pro­
ceeds in a series of stepwise reactions from triglyceride 
to 1,2-diglyceride to 2-monoglyceride (53). Mattson et al. 
employed various incubation times in their experiments and 
demonstrated that, vAien an incubation period greater than 
60 min was used, it became very difficult to isolate any 
2-monoglyceride and the 1-monoglyceride predominated (48), 
By using incubation times of 60 min or less, pancreatic 
lipase was shown to be specific for the hydrolysis of long 
chain fatty acids esterified with the primary hydroxyl 
groups of glycerol (49), These findings have been supported 
by the work of Borgstrom (8) and the later work of Desnuelle 
(72) who used a synthetic, radioactively labelled tri­
glyceride (27). 
In 1967, Bottino and coworkers found an interesting 
deviation from the normal 1,3-positional specificity of 
pancreatic lipase. When vAiale oils were subjected to pan­
creatic lipase hydrolysis, eicosapentaenoic (20:5) and 
docosahexaenoic (22:6) acids were found mainly in the di-
and triglyceride products, suggesting that they are in the 
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1,3 positions, but resistant to the action of the lipase. 
Their presence in the 1,3-positions was later confirmed 
(9). 
Of the lipases obtained from non-animal sources, castor 
bean lipase (ricin lipase) has, no doubt, received the most 
attention. The castor lipase appears to have been investi­
gated first by Green in 1890 (34). The enzyme was first 
detected in germinating castor seed in which it is activated 
by acid produced in the germination process. There are 
conflicting reports concerning the presence of lipase and 
esterase fractions in various castor lipase preparations. 
These reports are summarized by Markley (45), 
Savary et al, have investigated the action of castor 
lipase on triglycerides (75). These workers have observed 
that the castor bean lipase acted on triglycerides to give 
a mixture low in mono- and diglycerides and high in free 
glycerol. The mono-glyceride fraction was composed of 90% 
1-monoglyceride and 10% 2-monoglyceride. They have con­
cluded that there was no preference for attack on the 2-
position. However, there does seem to be some preference 
for shorter chain fatty acids and for saturated fatty acids 
(36, 75). 
Another interesting feature of this acid lipase of the 
castor bean is that the lipase can react without added 
emulsifiers (58), Ory and Altschul have attributed this 
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unusual finding to the presence of a lipid cofactor which 
can mediate between the ricin lipase and the triglyceride 
substrate (58), These two workers have found that this co-
factor is apparently tocopherol or some tocopherol deriva­
tive (59) e 
Except for the variations noted previously, castor bean 
lipase resembles pancreatic lipase in regard to positional 
specificity (66). 
Substrate Specificity of Lipases 
In the years following 1955, an increased amount of 
interest has been devoted to the substrate specificity as 
well as to the positional specificity of lipases obtained 
from a wide variety of sources. These interests have been 
stimulated by the desire to learn more about fat metabolism, 
fat synthesis, the structure of fat triglycerides, and 
fatty acid distribution among fat triglycerides. 
There appears to be little general agreement with 
respect to the substrate specificity of the hydrolytic 
activity of lipases (45). Examples of different rates of 
hydrolysis of esters containing acyl groups of different 
chain lengths and unsaturation are quite abundant, as well 
as examples of selective hydrolysis of triglycerides of 
mixed fatty acids. Part of the difficulty arises from the 
complexity and the heterogeneous nature of the systems that 
have been investigated; one set of conditions may yield 
observations quite different from those noted under some 
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other circumstances. 
Some of the early workers in this area believed that 
lipases had very little real substrate specificity, but yet 
did exhibit a preference for some fats over others (5); in 
vitro hydrolysis seemed to be faster with esters of fatty 
acids ranging from Gg to than with those of longer or 
shorter chains (6). By using pancreatic lipase and sym­
metrical triglycerides in which the fatty acid chain length 
varied from two carbon atoms to 18 carbon atoms, Desnuelle 
and coworkers (19, 26) have been able to show that the rate 
of in vitro hydrolysis is inversely proportional to fatty 
acid chain length, with tributyrin being the most rapidly 
hydrolyzed triglyceride. 
However, fatty acid chain length is not the sole deter­
minant for the rate of lipolytic hydrolysis. The physical 
nature of the triglyceride during hydrolysis is just as 
important as fatty acid chain length. It is obvious that 
the physical nature of a triglyceride, oil or fat is a 
function of the fatty acid chain length and degree of un-
saturation (19). But, as Desnuelle has pointed out, satur­
ated fatty chains are very slowly hydrolyzed at 37 G when 
they occur in high melting, trisaturated glycerides (19). 
In contrast, the same chains are easily split in mixed-acid 
glycerides of lower melting point. The in vivo work of 
Savary et al. (73) and Mattson and Volpenhein (51) supports 
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this concept. Consequently, in order to have meaningful 
and reproducible results, substrates should be chosen so 
that chain length and degree of saturation will result in 
a triglyceride which is liquid rather than crystalline at 
the temperature of hydrolysis. Lack of awareness of this 
concept has, no doubt, led to some of the ambiguities 
observed in regard to substrate hydrolysis and specificity, 
Clement et al. (15) found that if butyric acid is 
present in a triglyceride, as in butterfat, in vitro hydroly­
sis by human pancreatic lipase may result in the loss of 
this acid from the beta-position and possibly result in the 
formation of beta-monoglycerides containing fatty acids 
which were originally present in the alpha-position. 
Sampugna et al. (68) have also reported on the in 
vitro hydrolysis of butyrate glycerides by pancreatic 
lipase. Each of the synthetic racemic triglycerides con­
taining butyric acid (PBB, PPB, PBP) and the racemic di-
glyceride l-palmitoyl-3-butyrate was incubated with an 
equimolar mixture of triolein. There was no preferential 
digestion of the butyrate linkage, but rather a more rapid 
hydrolysis of the entire butyrate-containing triglyceride 
as compared with triolein. Positional specificity of pan­
creatic lipase was always maintained. There was no evi­
dence for short-chain fatty acid specificity. It seems that 
the digestion of butyrate glycerides is not a simple phe­
nomenon. These concepts are also covered in review articles 
by Desnuelle and Savary (19) and by Mead (55). 
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Positional Specificities of Plant, 
Milk, and Microbial Lipases 
Some of the more interesting work in regard to lipase 
action involves the studies which have been made on the 
positional specificities of lipases isolated from cereal 
grains, milk, and microorganisms. 
In what could well be the first report on the positional 
specificity of a lipase, Peers in 1953 claimed that the 
lipase isolated from the oat pericarp appeared to have a high 
specificity for the beta-position of tributyrin (63), Un­
fortunately, only tributyrin was used as the substrate in 
Peers' studies, so the positional specificity of the oat 
lipase was not firmly established. Although further work 
has been done on the oat lipase by Martin and Peers (46), 
there is no additional information available in regard to 
the positional specificity of the oat lipase. 
In 1960, Gander and Jensen reported on the positional 
specificity of milk lipase (30), Symmetrical, synthetic 
triglycerides were used as substrates and the milk lipase 
was observed to preferentially hydrolyze the primary hydroxyl 
ester linkages, thus behaving like pancreatic lipase. How­
ever, there may well be a problem in obtaining a clear pic­
ture of milk lipase action. Recently, Dawney and Andrews 
in 1965, were able to isolate five lipases from the lipase 
fraction of milk (23, 66)= These lipases have different 
molecular weights and differ in the ratio of their activities 
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on îrributyrin and triolein substrates (23). 
Some lipases with unusual positional specificities 
have been isolated from microorganisms. Alford and others 
have studied the lipases isolated from over 80 different 
species of microorganisms (1). Selected microbial lipases 
were assayed with 11 different synthetic triglycerides of 
97% purity. Lipases from several Pseudomonas spp.. from 
Pénicillium rogueforti. as well as from molds and yeasts 
have been shown to attack primarily the 1- and 3-positions 
of the synthetic triglycerides. The lipases from Staphylo­
coccus aureus and Aspergillus flavus attack the 1-, 2-
and 3-positions of the same triglycerides. The lipase from 
the mold, Geotrichum candidum. is nearly specific for oleic 
acid regardless of its position in the triglyceride. 
Other microbial lipases have been investigated (23, 78, 
82). Of these lipases, the positional specificity, where 
determined, seems to resemble that of pancreatic lipase. 
Structural Analysis of Fats with Lipases 
Brief mention was mede in the introduction of the use 
of pancreatic lipase for the stereospecific analysis of tri­
glycerides. Savary, Flanzy and Desnuelle (74) have used 
pancreatic lipase to determine the position of unsaturated 
and saturated fatty acids in the natural fats of beef, mutton 
and pork. Patton et al. (62) have employed pancreatic lipase 
to study the distribution of fatty acids in milk fat. By 
using pancreatic lipase, Kumar et al. (38) have been able to 
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show that butyric acid is ssterified predominantly at the 
alpha-positions of the triglycerides in milk fat. The 
distribution of fatty acids in animal and vegetable fats 
has been studied by Mattson and Lutton (50) and by Mattson 
and Volpenhein (52), The history of glyceride structure 
work and the use of pancreatic lipase has been reviewed by 
Desnuelle and Savary (20), 
Alford et al, discuss the possible applications of the 
lipases with unusual characteristics which they have investi­
gated (1), The lipase from Pseudomonas fragi. which has a 
positional specificity similar to pancreatic lipase, could be 
used at neutral or slightly acid pH, Thus, its use might 
reduce the acyl migration that occurs at the pH of 8,0 
usually employed for pancreatic lipase studies. The lipase 
from Geotrichum candidum offers possibilities as a means 
of selectively removing oleic acid or possibly other un­
saturated fatty acids from a molecule with a minimum effect 
on both the fatty acid and the remaining portion of the 
molecule. 
De Haas, Sarda and Roger have reported on the position­
al specific hydrolysis of phospholipids by pancreatic lipase 
(18), These workers have been able to show that highly 
purified pancreatic lipase could, under certain conditions, 
catalyze the conversion of egg lecithin into lysolecithin. 
The pancreatic lipase has been shown to be specific for 
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the 1-position of lecithin by using the synthetic lecithin, 
l-oleoyl-2-stearoyl-glycero-3-phosphoryl choline. It has 
also been shown by these workers that the purified pancreatic 
lipase did not contain other enzyme components. 
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MATERIALS AND I4ETH0DS 
Specimen Preparation 
Animal lipases 
Mammalian pancreatic glands were obtained through the 
Iowa State University Veterinary Diagnostic Laboratory, 
from Pel-Freez Biologicals, Incorporated, Rogers, Arkansas 
or from The Karborton Marine Laboratory, Harborton, 
Virginia. 
Invertebrates were obtained live from either Pacific 
Bio-Marine Supply Company, Venice, California or The 
Lemberger Company, Oshkosh, Wisconsin. The digestive gland 
or gastro-intestinal tract was removed from these lower 
animals. 
A culture of the protozoa Tetrahvmena pvriformis 2-VI 
was obtained from Dr. Benton W. Buttrey, Department of 
Zoology and Entomology, Iowa State University, The organ­
ism was propagated in 1.5% proteose-peptone medium, pH 7.0, 
Using 0,5 ml of a five-day-old culture, 200 ml of medium 
w<a.8 inoculated. At the end of five days, the 200 ml 
inoculum was added to 20 liters of the proteose-peptone 
medium. The 20-liter culture was aerated during the five 
day growth period. The cells were collected 120 hr later 
with the aid of a Westfalia Separator Type LWA-205, 
The digestive organs were homogenized in a Waring 
blender and mixed with an equal volume of cold acetone in 
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order to prepare stable acetone powders (7), The protozoa 
cells were treated in the same manner, except that they were 
not homogenized prior to the addition of acetone, 
Ogt lipase 
Whole dehulled oats were subjected to the wet scrubbing 
procedure of Martin and Peers (46) in order to remove the 
lipase from the pericarp. Using this method, 500 ml of ex­
tract were collected, filtered through four layers of cheese­
cloth, and freeze-dried using a Virtis Freeze-Mobile Model 
No, 10-146MR-BA. The freeze-dried extract was found to con­
tain 25,5 mg protein/gram of extract by using Waddell's 
method of protein determination (56), 
Leptospira pomona lipase 
Leptospira pomona DM2H was grown and harvested according 
to the procedures of Ellinghausen (25) and Ellinghausen and 
McGullough (24). The cell-free culture supernate, which was 
known to contain a potent lipase (25, 61), was freeze-dried 
with 200 ml of supernate yielding 2.52 g of lipase-contain-
ing material. 
 ^ Lipase Assays 
Tributvrin agar 
For the tributyrin agar assay, 10 mg of an acetone 
powder were mixed with 1.0 ml of 0.025 N ammonium, hydroxide 
(7, 10), For the oat lipase or L., pomona lipase, 250 mg or 
100 mg, respectively, of the freeze-dried extracts were 
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dissolved in 1.0 ml water. In the case of T, pvriformis 
2-VI, 100 mg of the acetone powder were suspended in 1.0 ml 
of 0.025 N ammonium hydroxide. The enzyme suspensions or 
solutions were serially diluted (1:1) until a final dilution 
of 1:4096 was obtained. By means of a Warburg pipette, 
0.025 ml of each dilution was delivered into individual 
wells cut in chilled tributyrin agar with a No, 3 cork 
borer- The tributyrin agar with no emulsifier was prepared 
as described by Ellinghausen and Sandvik (25). The agar 
plates were incubated for 48 hr at 37 C. Lipase activity 
was detected by a zone of clearing around each well. The 
last dilution capable of producing clearing was termed the 
"lipase titer." This procedure was employed both as a 
means of detecting lipolytic activity and for determining 
the relative richness of the lipases in the various organs 
investigated, 
PH optimum 
The optimum pH for lipolytic hydrolysis by each prepa­
ration was determined by using tributyrin and Mazola corn 
oil emulsions. An emulsion was prepared by homogenizing 
2.0 ml of oil, 100 ml 1.25% gum acacia (warmed to 45 C), 
and 6,0 ml 1% calcium chloride for five min in a Waring 
blender. The emulsion was adjusted to pH 7.0 with potassium 
hydroxide. Each 150 mm x 15 mm screw-capped test tube was 
filled with 5.4 ml of the emulsion (1, 37). The emulsion in 
each tube was buffered at the appropriate pH by adding 2.6 ml 
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of Universal Buffer (10, 40), The enzyme preparation, 
either 10-100 mg acetone powder or 500 mg freeze-dried oat 
extract, was treated with 1,0 ml 0,025 N ammonium hydroxide 
or 1,0 ml water, respectively. For the , pomona lipase, 
100 mg of the freeze-dried supernate was dispersed in 1,0 
ml water. The lipase suspension or solution was then added 
to the emulsion. The emulsion was incubated at 37 C, The 
amount of enzyme preparation added to the emulsion, as well 
as the time of incubation, depended on the lipase titer of 
each preparation. The tributyrin emulsion was incubated for 
15 min to 24 hr while the corn oil emulsion was incubated 
for 6 to 48 hr. If no activity could be demonstrated with 
corn oil, lard and 1-monoolein were also tried, the latter 
substrate being suggested by the work of Carter (14) and 
in the review by Desnuelle and Savary (19). 
After incubation, the reaction was stopped by adding 
1.0 ml of 20% sulfuric acid. The fatty acids were ex­
tracted using 15 ml of diethyl ether-methanol, 2:1, V/V. 
A 5.0 ml aliquot of the organic layer was removed and mixed 
with 50 ml of methyl alcohol. The fatty acids were titrated 
with O.OlOO N sodium hydroxide to an end point of pH 9.0 
(37, 82); using the Beckman Model K automatic titrator. 
Determination of the Number of 
Lipolytically Active Fractions 
The number of lipolytically active fractions in each 
pT>oparat:ion WPS determined by the combined techniques of 
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disc-gel electrophoresis and tributyrin agar clearing. 
The acetone powder extract was prepared by mixing 
80 mg of the powder with 1.0 ml 0,025 N ammonium hydroxide. 
The sample was prepared for disc-gel electrophoresis by 
mixing 30-40 |il of the acetone powder extract with 460-
470 |jil of water and 500 |jil undiluted sample gel. Two disc-
gel columns were prepared for each sample, according to the 
instruction given by the Canal Company, and the disc-gel 
columns were developed by using the Canal Company Model 
1400 constant rate source. Normally a current of 2,5 ma 
per gel column was employed. After the electrophoresis 
was complete, the gels were removed from the glass tubes 
and one column was stained, while the other column, contain­
ing the same sample as the first, was pressed against tri­
butyrin agar for 10 min. After 10 min, the column was moved 
to a new location on the agar, and allowed to remain there 
for the incubation period at 37 C, After 10 to 18 hp, by 
comparing the stained gel column with the unstained column 
on the agar, and by noting the cleared areas in the agar 
under the column, the number of lipolytically active fractions 
in each preparation could be ascertained. 
Determination of Positional Specificity 
The positional specificity of the various lipases was 
determined by assaying each lipase against natural fats 
whose triglyceride structure has been well characterized. The 
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natural fats selected were cocoa butter (with stearic and 
palmitic acids distributed randomly between the 1- and 3-
positions and oleic acid predominantly on the 2-position), 
lard (with palmitic acid predominantly on the 2-position), 
and corn oil (chosen because of high content of unsaturated 
fatty acids). 
Emulsions were prepared as described previously, using 
1.8 g of fat or 2.0 ml oil for each 100 ml of 1.25% gum 
acacia. The emulsion was buffered at the pH corresponding 
to the pH optimum of the particular lipase preparation. 
An appropriate amount of an acetone powder, usually 10 mg, 
was added to 1.0 ml 0.025 N ammonium hydroxide and this 
suspension added to the buffered emulsion. The mixture was 
agitated for 2-5 min in a water bath at 37 G. The reaction 
was stopped by adding 1.0 ml 20% sulfuric acid and the lipid 
extracted with diethyl ether«methyl alcohol, 2:1, V/V. The 
fatty acids were separated from the glycerides by a Skelly-
solve-0.5% aqueous sodium carbonate extraction (47). The 
free fatty acids were recovered, converted to methyl esters 
(31), and determined by gas chromatography, using ethylene 
glycol succinate, 15% on Chromasorb P (45/60 mesh). The 
carrier gas was helium and the 6 ft x % in column was main­
tained at a temperature of 185 C» By comparing the relative 
percentages of fatty acids released from a particular fat by 
enzymatic hydrolysis with the relative percentages of fatty 
22 
acids released by chemical hydrolysis, the positional 
specificity of a particular lipase could be determined. 
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RESULTS AND DISCUSSION 
Selection of Specimens 
Because there are about 918,000 species represented 
in the 22 phyla of the animal kingdom, there would, at 
first; appear to be a problem in choosing specimens for 
study. However, when one considers the availability of 
the animals and the size of either the digestive organ or 
the animal, the selection becomes narrowed very quickly to 
a few species. Table 1 lists the vertebrates and inverte­
brates selected for study. The pancreas was removed from 
each of the vertebrates. Among the invertebrates, except 
for the anemone and sponge, the digestive gland or gastro­
intestinal (GI) tract was removed. In the case of the 
anemone and sponge, the whole animal was homogenized. 
The oat lipase was investigated because it had been 
reported by Martin and Peers (63) to have an unusual posi­
tional specificity which was never really firmly character­
ized. 
The Leptospira pomona lipase was chosen because 
of the implication of leptospiral lipase in the patho­
genicity of various Leptospira and also because the activ­
ity of this lipase with long chain triglycerides has not 
been thoroughly investigated. 
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Table le Vertebrates and invertebrates selected for study 
Phylum Common name Species name 
Vertebrates; 
Ghordata 
Ghordata 
Ghordata 
Ghordata 
Ghordata 
Ghordata 
Ghordata 
Invertebrates; 
Chccdata 
Arthropoda 
Sipunculoidea 
Annelida 
Annelida 
Mollusca 
Echinodermata 
Echinodermat a 
Echinodermata 
Goelenterata 
Forifera 
Protozoa 
Man 
Monkey 
Hog 
Opossum 
Ghicken 
Turtle 
Shark 
Sea squirt 
Crayfish 
Peanut worm 
Earthworm 
Parchment tube worm 
Sea hare 
Sea urchin 
Sea star 
Sea cucumber 
Anemone 
Sponge 
Homo sapiens 
Rhesus sp. 
Suis scrofa domestica 
Didelphis marsupialis 
Gallus sp. 
Ghelvdra serpentina 
Sgualus acanthius 
Giona intestinalis 
Gambarus virilis 
Dendrostomum 
pvroides 
Lumbricus terrestris 
Chaetopterus 
variopedatus 
Aplysia californica 
Strongylocentrotus 
purpuratus 
Pisaster eieanteus 
Parastichopus 
parvlmensis 
Metridium senile 
Dvsidea amblia 
Tetrahvmena sp. 
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Tributyrin Agar Assay 
Tributyrin agar clearing was used as a rapid screening 
method to detect lipolytic activity in the various enzyme 
preparations. Table 2 lists the titers obtained for the 
various enzymes which were studied. 
Table 2. Tributyrin agar titers resulting from 1:1 serial 
dilution of lipase preparations. The initial 
concentrations were 10 mg acetone powder per ml 
0.025 N ammonium hydroxide unless otherwise 
indicated 
Lipase Incubation 
source time, 37 G Titer 
Man 12 hr 4096 
Monkey .256 
Hog 48 2048 
Opossum 48 1024 
Chicken 48 4096 
Turtle 48 128 
Shark 48 256 
Giona 48 
Crayfish 48 
Peanut worm 48 16^  
Earthworm 48 4C 
Tubeworm 48 , 
Sea hare 48 Od 
&These preparations gave only very slight clearing 
around well containing the initial concentration, 
I^nitial concentration; 3 mg acetone powder/ml NH^ OH. 
I^nitial concentration: I mg acetone powder/ml NH^ OH. 
G^ullet, gizzard and salivary glands. 
26 
Table 2. (Continued) 
Lipase 
source 
Incubation 
time, 37 G Titer 
Sea hare 48 hr 4.^  
Sea urchin 48 4 
Sea star 48 2 
Sea cucumber 48 4 
Anemone 48 16 
Sponge 48 + 
Protozoa 48 4f 
Protozoa 48 28 
Oat 48 2048h 
L, pomona DM2H 48 64^  
®Digestive gland, 
I^nitial concentration: lOO mg acetone powder/ml 
NH^ OH. 
I^nitial concentration: 1:1 suspension of whole cells 
in distilled water. 
I^nitial concentration; 250 mg freeze-dried extract/ 
ml distilled water. 
I^nitial concentration: undiluted culture supernate. 
Tributyrin agar clearing proved to be a very useful 
technique for detecting lipolytic activity, determining the 
relative richness of lipase in the various organs, and de­
tecting lipolytic fractions after disc-gel electrophoresis. 
Lipolytic activity could be detected in as little as 2-3 |jig 
of material. The various details of this technique have 
been closely investigated by Oterholm and Ordal (60), 
Some question could be raised about the use of tri-
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butyrin as a substrate for Lipases. Although tributyrin 
appears to be readily hydrolyzed by lipases and is a 
/'preferred substrate for detecting microbial lipolysis (19, 
60), Steward believes that, because tributyrin is slightly 
soluble, it may be attacked in solution by esterases and in 
emulsions by lipases (82). However, in using tributyrin 
agar, the clearing results from the solubility of the 
products (glycerol and butyric acid) released by the hydroly­
sis of the insoluble and finely dispersed tributyrin which 
imparts a cloudy appearance to the otherwise clear agar. In 
addition, hog aorta has been reported to possess esterolytic 
activity, but no lipolytic activity (42). When a preparation 
of hog arterial tissue was assayed on tributyrin agar, no 
clearing could be detected. 
As shown in Table 2, some invertebrates (ciona, tube-
worm, sea hare, sea star, and sponge) possessed almost 
negligible activity on tributyrin agar at 37 G. It had been 
thought that, because the normal environmental temperature 
of these animals is lower than 37 C, the lipases would be 
more active at a lower temperature. Therefore, the acetone 
powder extracts from the digestive organs of these animals 
were assayed on tributyrin agar at 25 C. No increase in 
activity could be observed. 
The tributyrin agar was always buffered at pH 7.0. 
Therefore, it was quite possible that some of the prépara­
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tions showed little activity because the pH optima of the 
enzymes involved could have been either higher or lower 
than 7.0, However, because all of the preparations were 
assayed in emulsions ranging from pH 2.0 to pH 11.0, no 
attempt was made to vary the pH of the agar assays. 
Determination of pH Optima 
Animal lipases 
Table 3 lists the pK optima and activities obtained 
when the various animal lipases were assayed against tri-
butyrin and Mazola corn oil emulsions. An inspection of 
Table 3 shows that four lipases (shark, sea star, sea 
cucumber and anemone) did not hydrolyze corn oil. These 
lipases were assayed against lard with the same result. 
These four lipases were then assayed against 1-monoolein, 
with only the shark pancreatic extract showing any appre­
ciable activity. The activity was still quite low, however, 
corresponding to a titration of 5,36 ml of 0,0100 N sodium 
hydroxide after a reaction period of 48 hours. This 
represents an activity of 0,02 if the same units are used 
as in Table 3, 
In all cases, the activity of the animal lipases was 
greater vfeen a short chain triglyceride (tributyrin) was 
used as substrate than vAien a long chain triglyceride 
(corn oil or cocoa butter) was used. This finding is con­
sistent with the observations of other workers (19, 82). 
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Table 3. pH optima and activities of animal lipases 
Substrate 
Lipase 
source Tributyrin Activity^  Corn oil Activity® 
Man 8.0 24.9 9.0 2.8 
Monkey 10.0 44.0 11.0 1.3 
Hog 8.0 72.8 9.0 1.6 
Opossum 8.5 21.2 8.0 1.6 
Chicken 7.0 10.6 10.0 1.3 
Turtle 8.0 6.2 11.0.  ^ 0,9 
Shark 6.0, 9.0 0.2, 0.2 =a =3sia 
Ciona NR — — — 5.0 0.02 
Crayfish 4.0, 9.0 1.1, 0.8 4.0 0.7 
Peanut worm 6.0 0.9 6.0 0.06 
Earthworm 9.0 2.9 5.0, 10.0 0.01 
Tubeworm 9.0 0.03 8.0 0.00 
Sea hare 7.0 0.02 6.0 0.00 
Sea urchin 8.0 0.04 9.0 0.04 
Sea star 8.0 0.04 NRC -  — —  
Sea cucumber 7.0 0.06 NRC 
Anemone 10.0 0.4 NRC 
Sponge 9.0 0.01 6.0e 0.00 
Protozoa 9.0 0.03 8.0 0.00 
M^icroequivalents of NaOH/mg acetone powder/hr. 
N^R = no reaction observed, 
N^o reaction observed when lard was substituted for corn 
oil, 
D^igestive gland, 
H^ydrolyzed lard slightly; pH optimum 6.0, activity 0,00, 
In the investigation of staphylococcal lipases, Steward has 
observed that an "enzyme complex" extracted from Staphylo­
coccus aureus can react with butyrate esters, triolein, and 
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tributyrin. The pH optimum for each substrate was 7.3, 
8:6; and 8,2, respectively (82). This finding resembles, 
to some extent, the results reported in Table 3 where 
the pH optima obtained usingtributyrin were generally lower 
v^ en compared with corn oil. Because Desnuelle has shown 
that even purified hog pancreatic lipase can be separated 
into ester and lipase fractions (19, 69), it is quite 
possible that an enzyme complex is present in those prepa­
rations which exhibit activity toward both tributyrin and 
triolein. Extensive purification procedures are required 
to clarify this point. However, it seems reasonable to 
assume that a true lipase is present if hydrolysis can be 
demonstrated against long-chain, emulsified triglycerides 
(19). 
The invertebrates listed in Table 3 showed very weak 
lipolytic activity. In the case of the tubeworm, sea hare, 
sea star, sea cucumber, sponge and protozoa, it was necess­
ary to increase the amount of acetone powder per 100 mg of 
corn oil or tributyrin from the usual quantity of 10 mg 
to 60 mg in order to obtain measurable activity. The prepa­
rations from these animals were incubated with tributyrin for 
24 hours and with corn oil for 48 hours instead of the usual 
1 hour and 6 hours, respectively. The titrations were in the 
range of 1-3 ml of O.OlOO N sodium hydroxide. In a few cases, 
such as the sea star, sea cucumber and anemone, no reaction 
could be observed with long chain triglycerides or monoglycer-
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ides. In accord with Desnuelle's definition of a true lipase 
(9), we would have to say that those invertebrates showing 
slight, though measurable, activity with long chain tri­
glycerides possess a true lipase. An esterase could also 
be present, however, further experimentation is required to 
clarify this point. It could well be that those inverte­
brate preparations which showed no activity with long chain 
triglycerides and only very slight activity with tributyrin 
contained some type of an esterase rather than a true lipase. 
This point will be discussed again in the section dealing 
with disc-gel electrophoresis. It seems likely, however, 
that separation by zone electrophoresis in a starch column 
followed by the assay of each fraction with soluble and 
emulsified substrates would be a means of resolving this 
problem, 
It becomes very difficult to make a clear cut distinc­
tion between lipases and esterases. The best experimental 
guide line to follow is to measure lipase activity by using 
emulsions of insoluble esters or triglycerides. Ester 
solutions should be avoided because they can be hydrolyzed 
by ill-defined "esterases." Even reports concerning pan­
creatic esterases are open to question, because carboxylic 
or phenolic esters employed for characterizing this kind of 
activity are not normally present in the intestine. Most of 
them can be hydrolyzed by proteolytic enzymes (19), The 
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"esterase" recently crystallized from porcine pancreas 
(32, 33) resembles a typical proteolytic enzyme. 
The extract from the shark pancreas behaved in a some­
what unexpected manner. No lipolytic activity could be 
demonstrated with either corn oil or lard. However, slight 
activity was observed with 1-monoolein. In this respect 
the shark pancreatic lipase resembles the intestinal mono-
glyceride lipase described by Desnuelle (19) and the 
hepatic monoglyceride lipase isolated by Carter (14). 
Oat and L. pomona DM^ H lipases 
As seen in Table 4, the oat and L. pomona DMgH 
lipases readily hydrolyze both long chain and short chain 
triglycerides, with tributyrin being more rapidly hydro-
lyzed than cocoa butter or corn oil» 
The oat lipase gave a very sharp pH optimum at 7.6 
which agrees well with the value of 7.4 reported by Martin 
and Peers (63). The activity of the oat lipase was found 
to be stimulated by the addition of calcium chloride, when 
cocoa butter and tributyrin were employed as substrates. 
The oat lipase did not react with tristearin at 37 G. A 
reaction was induced, however, by the addition of calcium 
chloride. Tristearin, of course, is not liquid at 37 C 
and this, no doubt, accounts for the low activity with this 
substrate. 
The L. pomona DM2H exocellular lipase showed two pH 
Table 4. pH optima and activities^  for oat and Leptospira pomona DM^ H lipases 
Substrate 
Lipase 
source Cocoa butter Activity Tributyrin Activity Corn Oil Activity 
Oat 7.6 20.8 7.6 52,7 — -
Leptospira 
pomona DMoH — — —  — — — —  6,0 69.3 4.0 9.1 
10,0 77,1 11.0 11.8 
*For oat lipase: microequivalents O.OlOO N NaOH/mg protein/hr; for L, pomona 
DMgH lipase: Microequivalents 0,0100 N NaOH/ml culture supernate/hr. 
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optima both with tributyrin and corn oil. However, the 
values of the pH optima varied somevdaat depending on the 
substrate, as shown in Table 4. Patel et a l .  have reported 
on the properties of a purified exocellular lipase from 
L, Pomona LC-12 (61), Their purified lipase had a single 
pH optimum of 7.0, a temperature optimum of 30 G (pH 7,0) 
and was active with long and short chain triglycerides as 
well as long chain fatty acid methyl esters. In addition 
to possessing two pH optima, our L. pomona DM^ H lipase had 
a temperature optimum of 60 G at a pH value of 8,2. There 
appears to be an extreme variation in lipase production and 
characteristics between various species and strains of 
Leptospirae. This variation severely complicates attempts 
to classify Leptospirae in regard to lipase characteristics 
as well as to relate virulence to lipase activity (61). 
Lipase inhibitors 
The effect of various inhibitors on oat and leptospiral 
lipase was investigated. The lipases were preincubated at 
37 G for 30 minutes with the inhibitor concentration at 
—3 10" M. The inhibitors employed were sodium fluoride, sodium 
cyanide, sodium arsenate, sodium azide, mercuric chloride, 
cysteine and EDTA. The lipases were then assayed either on 
tributyrin agar on in tributyrin emulsion. The oat lipase 
was slightly inhibited by sodium arsenite, iodoacetate and 
sodium azide. The L. pomona DM2H lipase was partially in­
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hibited by sodium fluoride, iodoacetate, mercuric chloride, 
cysteine and EDTA. In the case of the leptospiral lipase, 
these effects were more pronounced at high pH values. 
Determination of the Number of 
Lipolytically Active Fractions 
A relatively simple technique was derived for deter­
mining the number of lipolytically active fractions in each 
lipas-e preparation. This technique involved the combination 
of disc-gel electrophoresis and tributyrin agar clearing. 
The number of fractions and their location in the disc-gel 
columns are listed in Table 5, In all cases, bands could 
be located in the stained gel columns whose positions 
corresponded with the areas of clearing produced by the 
unstained columns on tributyrin agar. 
Several interesting relationships were discovered by 
means of this technique. A few preparations showed two 
active fractions on tributyrin agar. These preparations 
were obtained from human, chicken and turtle pancreases 
and from the earthworm GI tract. In all of these cases, 
the active protein fraction located nearer the origin 
(towards the cathode) possessed the greater activity. The 
second active fraction moved ahead (in the direction of the 
anode) of the first fraction by about 1=2 cm. This second 
active protein fraction located nearer the anode always 
produced significantly less clearing than the first fraction» 
Table 5, Protein fractions possessing activity on 
tributyrin agar 
Lipase Number of Distance 
source active fractions migrated, cm 
Man 2 0,55, 2.37 
Monkey 1 0.90 
Hog 1 1.36 
Opossum 1 1.40 
Chicken 2 1.34, 1.95 
Turtle 2 i .oo; 2.70 
Shark 1 - 1,20 
Giona NR® — 
Crayfish 1 1.17 
Peanut worm 1 1.60 
Earthworm 2 1.37, 2.77 
Tubeworm 1 3.16 
Sea hare NR - — — — 
Sea urchin 1 2.25 
Sea star 1 1.77 
Sea cucumber 1 3.00 
Anemone 1 0.19 
Sponge NR ----
Protozoa NR — — — — 
Oat 1 0.84 (0.25)" 
L. Domona DMr.H 1 0.78 (0.l5)b 
N^R = no reaction observed, 
C^urrent at 5 milliamps per tube» 
It was also observed that this second fraction was more sensi­
tive to heat than the first fraction. The gel columns were 
subjected to considerably more heat when the current was 
increased from 2,5 ma per tube to 5 ma per tube. When this 
was done, the activity shown by the second fraction either 
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diminished or disappeared altogether. It has been observed 
by Desnuelle (19, 69) that the esterase fraction of hog 
pancreatic lipase migrated ahead of the lipase fraction and 
in the direction of the anode during zone electrophoresis on 
a starch column. Stewart has reported that the esterase 
fraction of the enzyme complex isolated from Staph.aureus 
was more sensitive to heat than the lipase fraction (82). 
An inspection of Tables 2 and 3 will reveal that the 
enzymes from the tubeworm, sea hare, sea star, sea cucumber, 
anemone, sponge and protozoa showed negligible activity on 
tributyrin agar or with emulsified long-chain triglycerides. 
Of these seven preparations, only four showed any activity 
on tributyrin agar following disc-gel electrophoresis. Of 
these four active preparations, two (tubeworm and sea 
cucumber) gave single active fractions which migrated 3.00 cm 
or more from the origin in the direction of the anode. The 
sea star possessed one active fraction which migrated 1.77 
cm from the origin, somewhat farther than normally observed 
for the preparations resulting from mammalian pancreases. 
The fourth preparation (from the anemone) did not behave 
in the manner typical for the other preparations. This 
acetone powder gave an active protein fraction which pos­
sessed weak activity on tributyrin agar and which migrated 
only 0.19 cm from the origin. 
Certainly, this is neither the most sophisticated 
procedure for distinguishing lipases from esterases nor 
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should these findings be interpreted as indicating a clear 
cut distinction between these somewhat overlapping areas 
of enzymatic activity. However, this technique is a com­
promise between complicated, time-consuming fractionation 
procedures and no knowledge whatsoever of the number of 
active fractions in each preparation. Also, in many cases 
there was not sufficient material with which to attempt a 
fractionation. 
It should also be pointed out that some enzymatic 
activity could be lost during disc-gel electrophoresis 
because of the heat generated in the gel columns. The 
disc-gel equipment could be located in a cold room in 
order to minimize heating effects. 
Positional Specificity of Lipases 
Natural fats whose triglyceride structures have been 
well established were employed as substrates in the deter­
mination of the positional specificity of all the lipases 
in this study. The predominant glyceride form of cocoa 
butter has been shown to be 2-oleyl-stearoyl-palmitin. 
That is, oleic acid is found almost exclusively on the 2-
position, while stearic and palmitic acids are distributed 
randomly between the 1- and 3-positions (71). Lard does 
not possess a single predominant triglyceride structure as 
does cocoa butter. However, lard is unique among the 
natural occurring fats in that palmitic acid, a saturated 
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fatty acid, is found almost exclusively on the 2=position 
of the triglycerides in this fat (50, 71, 86). Normally, 
unsaturated fatty acids are found on the 2-position of the 
triglycerides in natural fats. Thus, the unique glyceride 
structures of cocoa butter and lard make them suitable sub­
strates for determining the positional specificity of 
lipases. 
In determining the positional specificity of a lipase, 
the reaction should be as short as possible to minimize 
rearrangements which can occur within mono- and diglycerides 
(27, 48). 
Oat lipase 
The lipase isolated from the pericarp of the oat 
possessed a very unusual specificity. This conclusion was 
reached as a result of the experiments reported in Tables 
6 and 7. If the oat lipase were behaving in the manner 
typical for pancreatic lipase, one would expect to see 
high and nearly equal values for the relative percentages 
of palmitic (Gj_g) and stearic (Cj^ g) acids hydrolyzed from 
cocoa butter. At the same time, the value for oleic acid 
would be low. The same argument holds true for 
the lipolytic hydrolysis of lard. Attack by pancreatic 
lipase will release rather large relative amounts of stearic, 
oleic, and linoleic acids, while the relative amount of 
palmitic acid will be low. If the oat lipase attacked these 
substrates in a random fashion, one would expect to see the 
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Table 6, Relative percentages of fatty acids released from 
cocoa butter with oat lipase 
Reaction Fatty acids 
time, min pH G^ g 
29.8* 35.6* 34.6* 
1 7.4 50.8 43.1 6.1 
2 7.4 42.8 52.0 5.2 
5 7.4 43.6 48.8 7.7 
15 7.4 40.3 43.0 16.7 
30 7.4 36.8 45.1 18.1 
60 7.4 33.8 37.6 28.6 
1 6.9 52.0 45.0 3.0 
2 6.9 49.0 43.0 8.0 
1 6.4 96.0 2.0 2.0 
2 6.4 65.7 2.0 32.3 
T^hese values were obtained by chemical hydrolysis and 
represent the ratios expected if the lipase were to attack 
in a completely random fashion. 
relative percentages for the fatty acids released by lipoly­
sis to be equal to the percentages obtained by chemical 
hydrolysis. As shown in Tables 6 and 7, neither of these 
situations is the case, at least at the enzyme's pH 
optimum of 7.4. The oat lipase hydrolyzed both cocoa butter 
and lard in a very unusual manner at pH 7.4, with palmitic 
and oleic acids being released from cocoa butter in rela­
tively large amounts and with very little stearic acid being 
released. In lard, at pH 7.4 a very strong preference is 
shown for linoleic acid, and also palmitic and oleic acids 
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Table 7= Relative percentages of fatty acids released 
from lard by hydrolysis with oat lipase 
Reaction Fatty acids 
time. min pH Cl4 Gl6 1^6:1 Cl8 Gl8;l 1^8:2 
_ _ _ _  1.6® 27.3* 1.1* 15.4* 45.7* 8.9* 
1 7.4 0 28.1 0 3.0 45.9 23.0 
2 7.4 loi 25.6 0.6 3.4 46.6 22.7 
30 7.4 1.6 20.4 1.8 7.1 44.3 24.8 
1 6.9 7.0 24.7 T^  1.8 38.3 28.2 
2 6.9 3.9 29.5 T 2.4 39.5 24.7 
1 6.4 5.5 26.7 0 T 44.0 23.8 
2 6.4 6.3 31.0 0 T 38.9 23.7 
R^efer to footnote, Table 6, 
T^ - trace. 
are released in rather large relative amounts, (kice again, 
however, very little stearic acid is released, 
A particular positional specificity cannot be assumed 
at this point, because of the random distribution of fatty 
acids on the 1- and 3=positions of the triglycerides in 
cocoa butter and lard. One could, perhaps, speculate that 
some preference is shown for the 2-position at pH 7.4 
because oleic acid in cocoa butter and palmitic acid in lard 
are attacked quite strongly» 
There are four possible ways in which the oat lipase 
could be attacking these substrates; (1) the oat lipase 
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does not hydrolyze stearic acid readily; (2) the oat lipase 
prefers to hydrolyze short chain and unsaturated fatty acids; 
(3) the oat lipase does have a peculiar specificity and is 
attacking only specific triglycerides in these natural fats; 
or (4) the mono- or diglycerides formed are more readily 
attacked than the triglycerides remaining. 
Ideally, the use of synthetically prepared triglycerides 
would be of great value in this instance. However, these 
compounds are quite scarce and most expensive on a commercial 
scale and their laboratory synthesis is very time consuming. 
Thus, two alternative approaches were attempted to help 
elucidate the specificity of the oat lipase. The first 
involved the addition of a mixture of mono- and dimyristin 
to the cocoa butter emulsion and the second involved the use 
of randomized cocoa butter and lard. Following randomization, 
the fatty acids in a fat no longer occupy the same positions 
in the triglycerides which they occupied before randomization; 
the naturally occurring organization of the fat is lost (4), 
When the mixture of mono- and dimyristin was added to 
the cocoa butter emulsion, although the mono- and diglycerides 
were readily attacked, no significant change could be ob­
served in the relative ratios of the fatty acids hydrolyzed 
from cocoa butter. 
The results for the assay of oat lipase with randomized 
cocoa butter and lard are shown in Table 8. In the case of 
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Table 8. Relative percentages of fatty acids released 
from randomized cocoa butter and lard by oat 
lipase at pK 7.4 
Reaction Fatty acids 
time. min Substrate Cl6 1^6:1 1^8 1^8:1 1^8:2 
1 Cocoa butter^  40.5 X 5.0 54.5 X 
2 Cocoa butter X 30.6 X 15.7 53.7 X 
5 Cocoa butter X 28.1 X 23.8 48.1 X 
1 Lard^  7,2 30,1 TC 2.4 38.6 21.7 
R^efer to Tables 6 and 7 for relative percentages of 
fatty acids in cocoa butter and lard, 
T^his fatty acid is not detectable in cocoa butter, 
T^ = trace, 
cocoa butter, the stearic acid was hydrolyzed more readily 
in the randomized fat, although the amount of stearic acid 
released is still relatively low. In randomized lard, also, 
the amount of stearic acid released, at least after a one 
minute reaction with the oat lipase, remains quite low, 
while the relative amounts of palmitic and oleic acids re­
leased increase and decrease, respectively. The relative 
amount of linoleic acid released from lard remains quite 
high, regardless of whether the lard is randomized or not. 
The experimental work reported in Tables 6 through 8 
indicates that the oat lipase possesses an unusual type of 
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specificity towards cocoa butter and lard at pH 7,4. 
The addition of mono= and dimyristin to the cocoa butter 
emulsion and the use of randomized cocoa butter and lard 
gave results which supported the idea that the oat lipase 
was showing some preference for the shorter chain and 
unsaturated fatty acids, while rejecting stearic acid. 
However, it was observed that if the pH of the 
cocoa butter and lard emulsions was lowered to 6.9 and 
6.4, as indicated in Tables 6 and 7, the specificity of 
the oat lipase towards these substrates changed. With 
cocoa butter this change is not so dramatic at pH 6.9, 
but at 6.4 for a 2 min reaction period, the oat lipase 
attacked palmitic and stearic acids in a manner resembling 
hog pancreatic lipase, although the oat lipase shows some 
preference for palmitic acid. During the one minute 
reaction, palmitic acid is attacked quite strongly, with 
the hydrolysis of very little oleic and stearic acids. 
In lard, at both pH 6.9 and 6.4, a preference is 
shown for palmitic and myristic acids, while oleic and 
stearic acids are not hydrolyzed as readily as they were 
at pH 7.4. A strong preference is still shown for lino-
lenic acid. 
This peculiar change in specificity could be explained 
by assuming; (1) that Che adsorption of the enzyme at the 
fat-water interface is altered by a change in pH; (2) that 
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the configuration of the enzyme is altered by a change 
in pH: and (3) that certain functional groups in the 
enzyme are more or less ionized. One or a combination of 
these factors could be responsible for the variation in 
the specificity of the oat lipase, 
Leptospira pomona DM2H lipase 
The fatty acids released by the hydrolysis of cocoa 
butter, corn oil and lard by the pomona lipase are 
shown in Table 9, Some preference is shown for the 1-
and 3-positions of triglycerides by this lipase, although 
this specificity is not nearly as absolute as with hog 
pancreatic lipase. In this latter respect, the Ji. pomona 
exocellular lipase resembles the lipases from Staphylo­
coccus aureus and Aspergillus flaws which have been 
investigated by Alford et al. (1) 
Animal lipases 
The positional specificity of the animal lipases was 
determined by using cocoa butter and lard as substrates. 
In some cases, the animal lipases were checked for un­
saturated fatty acid specificity by using corn oil as the 
substrate. The results for the assays with cocoa butter, 
lard and corn oil are presented in Tables 10, 11 and 12, 
respectively. 
Throughout all of the experiments, the specificity of 
hog pancreatic lipase was used as a reference point, 
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Table 9, Relative percentages of fatty acids hydrolyzed 
from cocoa butter, lard and com oil by 
Leptospira pomona DMgH exocellular lipase 
Time, Fatty acids 
min pH Substrate 0^ 4 i^g C^ g.^  Gig.z 
5 5.0 Cocoa 
butter 58 X 23 19 X 
5 11.0 Cocoa 
butter X 54 X 27 19 X 
5 5.0 Corn oil^  X 28 X 4 21 48 
5 5.0 Lard^  1 15 1 18 51 14 
5 11.0 Lard 1 16 1 17 53 12 
60 5.0 Lard 3 15 1 16 51 14 
R^efer to Tables 6 and 7 for relative percentages of 
fatty acids in cocoa butter and lard. 
T^his fatty acid was not detectable in the fat, 
T^he relative percentages of G,., G,g ,  G,g ,^,  and 
1^8*2 f&Cty acids in corn oil were found to be ' 
11.6, 1,6, 27.4 and 59,4, respectively. 
because this particular lipase has been well characterized 
in regard to its positional specificity (27), After refer­
ring to Tables 10 and 11, the following statements can be 
made; (1) all of the vertebrate lipases which were in­
vestigated, except for the shark pancreatic lipase, behaved 
in a manner analogous to hog pancreatic lipase; and (2) 
those invertebrate lipases which did attack long chain tri­
glycerides did so in a random manner. 
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Table 10, Relative percentages of fatty acids hydrolyzed 
from cocoa butter by animal lipases 
Lipase Time, Fatty acids 
source min pH 1^8'1 1^8 
— — — — — - 29.8* 35.6* 34.6 
Man 3 8.0 45 7 48 
Monkey 2 8.0 47 5 48 
Hog 1 7.0 49 5 46 
Hog 2 7.0 48 7 45 
Hog 5 7.0 49 6 45 
Opossum 2 8.0 52 3 45 
Chicken 1 7.0 53 10 37 
Chicken 2 7.0 51 9 40 
Chicken 5 7.0 42 13 45 
Turtle 2 8.0 57 3 40 
Shark 5 9.0 NR^  - - - - - -
Ciona 5 5.0 30 35 35 
(kayfish 2 4.0 47 19 34 
5 4.0 52 17 31 
Peanut worm 5 6.0 32 31 37 
Earthworm 5 7.0 33 39 27 
Tubeworm 5 9.0 34 32 34 
Sea hare 5 7.0 NR ««MM 
R^elative percentages of fatty acids present in cocoa 
butter. 
N^R = no reaction. 
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Table 10, (Continued) 
Lipase Time, Fattv acids 
source min PH 1^6 1^8:1 1^8 
Sea urchin 5 8.0 34 32 34 
Sea star 5 8.0 NR = = = —  -  —  
Sea cucumber 5 7.0 NR —  — —  - - -
Sea anemone 5 10,0 NR - - -
Sponge 5 9.0 NR --- - - -
Protozoa 5 9.0 NR ---
As mentioned previously, the shark pancreatic lipase did 
not hydrolyze long chain triglycerides, even after a 48 hr 
incubation period. This lipase did show a detectable, though 
slight, reaction with 1-monoolein. 
An unidentified fatty acid was hydrolyzed from the tri­
glycerides in lard by the action of monkey pancreatic lipase. 
During gas chromatography, the methyl ester of this fatty acid 
appeared between the methyl esters of oleic and linoleic acids. 
This unknown fatty acid had a relative percentage of 2 in 
comparison with all of the other fatty acids, A similar peak 
was not observed during the gas chromatography of the methyl 
esters of the fatty acids hydrolyzed from cocoa butter by the 
monkey pancreatic lipase. This fatty acid did not appear 
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Table 11. Relative percentages of fatty acids hydrolyzed 
from lard by animal lipases 
Lipase Time, Fatty acids 
source min PH Cl4 Cl6 1^6:1 
00 f—1 o 1^8:1 1^8:2 
" — — — - - 1.6* 28.5% 2.7* 13.4* 43.8® 10.0® 
Man 3 8.0 b^ 8 2 14 61 15 
Monkey^  2 00
 
o
 
Î 6 4 10 67 11 
Hog 1 7.0 T 8 2 13 58 19 
Hog 2 7.0 T 8 5 9 60 18 
Hog 5 7.0 T 7 3 11 58 21 
Opossum 2 8.0 T 6 2 10 66 15 
Chicken 1 7.0 T 9 3 10 60 19 
Chicken 2 7.0 T 8 2 11 60 20 
Chicken 5 7.0 T 7 2 13 57 21 
Turtle 2 8.0 0 2 T 4 80 14 
Shark 5 9.0 NR^  — — — - - - - - -
Ciona 5 10.0 T 37 T 7 56 T 
Crayfish 2 4.0 0 38 0 T 62 0 
Crayfish 5 4.0 T 19 1 13 59 9 
Crayfish 60 4.0 T 8 1 21 70 T 
Peanut worm 5 6.0 T 20 1 10 65 3 
Earthworm 5 7.0 8 34 T 18 40 T 
R^elative percentages of fatty acids in lard. 
T^ = trace. 
G^ave an unidentifiable peak between G _ and G.n.oî 
relative percent =2. ' 
N^R = no reaction. 
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Table 11. (Continued) 
Lipase Time, Fatty acids 
source min PH =14 1^6 1^6:1 = 18 1^8:1 1^8:2 
Tubeworm 5 9.0 NR —  —  —  «MM — — — 
Sea hare 5 7.0 NR - - - - - - — — —  —  —  
Sea urchin 5 8.0 T 26 2 14 53 5 
Sea star 5 8.0 NR -  -  - - — -  - - —  
Sea cucumber 5 7.0 NR -  -  - -  -  -
Sea anemone 5 10.0 NR — - - - - - - - - —  
Sponge 5 9.0 NR - - - - - - - - - -  -  - - - • =  
Protozoa 5 9.0 NR — - — — —  - - - -  -  - - - -
with the fatty acids hydrolyzed from lard by other mammalian 
lipases. 
As shown in Table 12, when corn oil was used as the sub­
strate for the animal lipases, a slight preference was shown 
for palmitic and stearic acids, while oleic and linoleic 
acids are hydrolyzed in slightly less than random amounts. 
In corn oil, palmitic and stearic acids are distributed 
mainly on the 1= and 3-positions and the unsaturated fatty 
acids are found on the 2-position of the triglycerides 
present. However, the high concentration of unsaturated 
fatty acids in corn oil results in the occurrence of tri-
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Table 12. Relative percentages of fatty acids hydrolyzed 
from corn oil by animal lipases 
Lipase Time, Fatty acids 
source min pH 0^  ^ Cj^ 8:l °18;2 
- - - - — - 11.6* 1.6* 27.4% 59.4 
Man 3 8 = 0 19 T 26 55 
Man 3 10.0 19 1 24 56 
Hog 2 5.0 18 2 27 53 
Chicken 2 5.0 16 1 26 57 
Giona 5 5.0 33 T 14 53 
Crayfish 5 5.0 22 2 26 50 
Peanut worm 5 6.0 19 1 24 56 
Earthworm 5 7.0 15 2 29 54 
Sea urchin 5 8.0 27 1 23 49 
Sea anemone 5 10.0 15 5 26 53 
R^elative percentages of fatty acids in corn oil. 
glycerides having some unsaturated fatty acids on the 1- and 
3-positions as well. 
It would be interesting to speculate on (1) the evolu­
tionary development within the animal kingdom and (2) the 
variation in lipase specificity among the vertebrates and 
invertebrates• 
It should first of all be pointe^  out that comparative 
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studies of the type reported in this thesis are few in number. 
Recently, however, some interest has been shown in this type 
of study (44, 57), Until more studies of this type are done, 
definite conclusions in regard to metabolic functions and 
evolutionary developments cannot be made. However, the 
concept of animal evolution acknowledges that a strong inter­
relationship must have existed between environmental condi­
tions and metabolic functions (54, 67). The very early 
organisms which appeared about 2,600 millions of years ago 
achieved a balance between an environment (totally unlike 
the present) and their physical needs. Needless to say, this 
balance was reflected in the genetic make-up of these early 
forms of life. As the environment changed, either these 
organisms adapted and new, more complex species evolved or 
the early animals gradually fell into extinction (54), New 
and more highly organized organs came into existence in the 
evolving animals, while other organs became relegated into 
a vestigial role (13), 
The early forms of life could be regarded as inter­
mediates in the evolution of the higher forms of life. Nor­
mally, such intermediates become extinct because of their 
failure to adapt to a changing environment. Some do adapt, 
however, and can still be found today, virtually unchanged 
for over hundreds of millions of years. The sponge, the 
earliest of the multicellular animals, is an example of such 
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a creature (76), 
Among the multicellular animals, two pathways of evolu­
tion have been followed, one centering around the presence 
of locomotion, the other centering around the absence of 
locomotion (76). Life depended upon the effective pursuit 
of food, A premium was placed on rapid movement and a 
greater complexity of structure arose from phylum to phylum 
to meet this challenge. The expenditure of energy involved 
in movement necessitated the development of specialized 
organs and systems for digesting food. Bodily coordination 
associated with movement brought forth the nervous system 
and specialized sensory organs. There being no corresponding 
need for them, locomotory, digestive and nervous systems are 
unknown in sponges (76), 
The experimental findings presented in this thesis are 
in agreement with these evolutionary concepts. The lower, 
less complex, more sedentary animals exhibited far less 
lipolytic activity in comparison with the higher, more 
complex, highly active mammalian species. 
It is somewhat more difficult to speculate on the reasons 
for the variation in lipase specificity between invertebrates 
and vertebrates. In view of the preceding discussion, how­
ever, it seems likely that the adaptation required in the 
movement from sea to land, changes in feeding habits, changes 
in environment and changes in the nature of the food avail­
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able for consumption could have played some role in the 
evolution of mammalian pancreatic lipase as it is known 
today. 
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SUMMARY 
1. A plant lipase isolated from the oat pericarp, a 
bacterial lipase present in the cell-free culture 
supernate of Leptospira pomona DM2H and digestive 
lipases isolated from 19 animal species representing 
nine phyla of the animal kingdom were investigated. 
2. The lipase preparations were assayed for lipolytic 
activity on tributyrin agar, 
3. The pH optimum of each lipase preparation was deter­
mined by the titration of the free fatty acids liber­
ated by the enzymatic hydrolysis of emulsified tri­
butyrin and corn oil. 
4. The positional specificity of each lipase was deter­
mined by a 2-5 min hydrolysis of cocoa butter or lard, 
followed by gas chromatography of the methyl esters 
of the hydrolyzed fatty acids. 
5. The oat lipase appeared to possess an unusual speci­
ficity, characterized by a preference for short chain 
and unsaturated fatty acids and a tendency to reject 
stearic acid. 
6. The exocellular Leptospira pomona DM^ H lipase attacked 
cocoa butter and lard in almost a random fashion. 
7. All of the vertebrate lipases which were investigated, 
except the shark pancreatic lipase, behaved in a manner 
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analogous to the well characterized hog pancreatic 
lipase, i«e=, they showed a high specificity for the 1-
and 3-positions of triglycerides. The vertebrate 
lipases, except that of the shark, were quite active 
with both corn oil and tributyrin, with the greater 
activity being shown with tributyrin. 
8, Shark pancreatic lipase did not hydrolyze long chain 
triglycerides, but did^ attack tributyrin readily. The 
substrate 1-monolein was hydrolyzed, although slowly. 
9, The lipolytic activity shown by the invertebrates was 
considerably weaker than the activity shown by the 
vertebrates. Those invertebrate lipases vkich did 
attack long chain triglycerides did so in a random 
manner. Some of the invertebrates yielded enzymes 
which gave no reaction with long chain triglycerides 
and only a slight reaction with tributyrin. 
10. The number of lipolytically active protein fractions 
in each preparation was determined by combining the 
techniques of disc-gel electrophoresis and tributyrin 
agar clearing. 
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